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The study of population genetic structure and gene flow patterns is crucial, allowing, among other things, the identification of conservation or management units (Manel et al. 2003) and the assessment of the effects of local losses, the potential for natural recolonization, and the need for reintroductions (Blundell et al. 2002) . Since dispersal has a major influence on genetic structure and gene flow in animal populations (Cushman and Lewis 2010) , especially among solitary and territorial species (Støen et al. 2006) , knowledge of this ecological process is equally important in such contexts (Slatkin 1985; Manel et al. 2003) . Nonetheless, investigations on dispersal have been severely limited by technical difficulties (Kokko and López-Sepulcre 2006) , with empirical studies being very rare compared with simulations (Ronce 2007) . In particular, the effects of sex-biased dispersal on fine-scale genetic structure (Banks and Peakall 2012 ) and on dispersal distances (Ronce 2007) have been poorly studied, especially in unbounded natural populations.
Factors driving ecological processes are scale dependent, both in space and time. Thus, the choice of the sampling scale for landscape genetics studies should be appropriate to the spatial and temporal dimensions at which ecological and evolutionary processes can be observed and quantified (Dungan et al. 2002; Anderson et al. 2010) . However, only recently have researchers started to investigate the effects of sampling scale on landscape genetics analyses (Storfer et al. 2007; Anderson et al. 2010; Cushman and Landguth 2010) , and the term ''scale'' is often used in a variety of contexts, generating some confusion (Dungan et al. 2002) . Hereafter, we follow Anderson et al. (2010) in referring to the term ''spatial scale'' as the spatial extent of the sampling area, and ''temporal scale'' as the duration of the study.
Research addressing genetic structure in mammalian populations at fine spatial scales has been limited (Peakall et al. 2003) , especially for Carnivora (Gompper and Wayne 1996) . Moreover, of the few studies investigating this topic in widely ranging carnivore populations at fine spatial scales, most were actually performed at regional or national levels (e.g., Croteau et al. 2010; Randall et al. 2010) . Previous studies performed at fine spatial scales rarely also considered a temporally fine scale, with samples collected with large and different time lags and coming from disparate sources (e.g., Pope et al. 2006; Scandura et al. 2011) . Instead (and as already described earlier), we argue that the choice of the sampling scale should be made on the basis of certain parameters of the species being considered. In this regard, we propose to consider a spatiotemporal scale as ''fine'' when the area is related to the average home-range (HR) size and movement/dispersal capabilities of the species considered (see Banks and Peakall 2012) and the time frame is similar to its mean life span, and as ''large'' when the area is at a regional, national, or global level and the time period is much longer than the species' life span. Finally, previous studies investigating fine-scale genetic structure of carnivores primarily regarded social species (Gompper and Wayne 1996; Pope et al. 2006; Randall et al. 2010; Scandura et al. 2011; Stronen et al. 2011 ) and/or the evaluation of landscape effects on genetic structuring (e.g., Broquet et al. 2006b ), whereas very rarely has the same issue been assessed in single continuous (barrier-free) populations of solitary carnivores (exceptions include Campbell and Strobeck 2006 and Ratnayeke et al. 2002 -which nonetheless concentrated largely on females).
Studies performed at large spatiotemporal scales on the genetic structure of the Eurasian otter (Lutra lutra), a widely distributed solitary carnivore (Kruuk 2006) , revealed patterns of isolation by distance (IBD-Cassens et al. 2000; Dallas et al. 2002; Mucci et al. 2010) . IBD occurs when gene flow between individuals closer in space is higher than among those separated by greater distances, reflecting restricted dispersal by individuals within a population (Wright 1943; Broquet et al. 2006a ). Despite such evidence of limited gene flow, information on dispersal of wild native resident otter populations is virtually absent. A unique dispersal event was detected by Jenkins (1980) concerning a young otter male in Scotland that covered 68 km. A male bias in dispersal has recently been hypothesized for wild resident otter populations (Janssens et al. 2008) , albeit only documented in a reintroduced population (Koelewijn et al. 2010) . The paucity of data on contemporary gene flow and dispersal in otter populations highlights the lack of necessary knowledge with which to elaborate proper conservation action plans (despite having already been prepared-e.g., Panzacchi et al. 2010 -or being a work in progress), or to evaluate the eventual needs of translocation/ reintroduction programs (Blundell et al. 2002) .
The aims of this study were to investigate whether genetic structuring within a population of a solitary carnivore like the Eurasian otter may occur on a truly fine spatiotemporal scale (i.e., an area related to the otter's movement/dispersal capability, and 1 otter lifespan) in the absence of obvious landscape barriers; and to evaluate the influence of locally driven processes such as sex-biased dispersal on gene flow patterns. Specifically, given the high movement capacity of the species (Dallas et al. 2002) , we predicted no relationship between geographical distances and interindividual relatedness on a fine spatiotemporal scale in a barrier-free area of southern Portugal. We further assessed whether sex-biased dispersal was influencing gene flow within the population, testing, via a combination of radiotelemetry and genetic techniques, the male-biased dispersal hypothesis suggested in the literature (Janssens et al. 2008; Koelewijn et al. 2010) . Finally, we calculated dispersal distances of any dispersal event detected, in an attempt to bridge gaps in the literature concerning this issue.
MATERIALS AND METHODS
Study area and sampling.-We conducted our study in a 1,125-km 2 unbounded area in the Alentejo region, southern Portugal ( Fig. 1) , a country where otters are widely distributed (Trindade et al. 1998) . Climate in the study area is typically Mediterranean, with an average annual rainfall of 600-700 mm, and rainy days occurring mostly from October to April (Centro de Geofisica deÉvora, http://www.cge.uevora.pt/). Elevation is homogeneously smooth, averaging 200 m. An almost continuous water network is made up of streams, as well as several widely scattered ponds and 15 dams (median area of 34 ha; interquartile range ¼ 52; Fig. 1 ). Human settlements are concentrated in cities and small villages, with a few farmhouses scattered in the landscape.
We collected 65 otter samples within the framework of a broader project on the ecology and behavior of the species at the study site (Quaglietta 2011) , over a total period of approximately 3 years (from 2007 to 2010) . This time frame is similar to what seems to be the average life span of the species (Kruuk 2006) , including in the study area (Quaglietta 2011) . We obtained blood and hair from live-caught animals (n ¼ 25) and hairs plucked in traps (n ¼ 13) when otters escaped before researchers arrived, and took muscle and hair samples from carcasses (n ¼ 19). The latter were mostly roadkills found in the study area because of an intensive effort of faunal roadmortality monitoring (MOVE Project-UBC-Évora Universi-ty). We also collected noninvasive samples (n ¼ 8 fresh spraints) during the winter of 2009, since collecting them at low temperatures leads to a higher deoxyribonucleic acid (DNA) amplification success rate (Hájková et al. 2006) . We kept blood (preserved in ethylenediaminetetra-acetic acid tubes) and muscle samples (in 100% ethanol) refrigerated until performing laboratory analyses, preserved fresh spraints in 100% ethanol at À208C, and stored hair dry inside paper envelopes. We estimated age on the basis of tooth wear, body dimensions, and development of sexual characters from captured individuals and, whenever possible, from carcasses. The latter allowed us to extract a canine and estimate more accurately the age by the analysis of the cementum annuli, performed by the Norsk Institut for Naturforskning (Trondheim, Norway). We determined sex either by direct observation of external anatomy or by means of genetic analyses (as for noninvasive samples or decayed carcasses).
We surgically implanted with radiotransmitters (IMP 300/L and 400/L, Telonics Inc., Mesa, Arizona) and followed by radiotelemetry a subset of 7 subadult otters captured when they were cubs or during their predispersal phase. Handling procedures were approved by the Portuguese Institute for Nature and Biodiversity Conservation, being in accordance with the guidelines of the American Society of Mammalogists for the use of wild mammals in research (Sikes et al. 2011 ). More details may be found in Quaglietta (2011) and Quaglietta et al. (2012) . We took careful consideration of the spatial distribution of the sampling locations in our area (Fig. 1) , acknowledging the importance of sampling design (Crandall et al. 2000) . Thus, although we aligned ourselves with the majority of landscape genetics studies by following an opportunistic sampling procedure (Storfer et al. 2007 ), we also attempted to sample, as heterogeneously as possible, the landscape according to a purposive convenience sampling criterion (Thompson et al. 1998 ). This was stratified on the basis of the different habitat types present, with trapping effort balanced between both lentic and lotic habitats and sites close to and far from urban areas. Information drawn from field dispersal data has been considered useful for the proper choice of the scale of sampling (Banks and Peakall 2012) . In this sense, our sampling scale was congruent with the only previously reported data on L. lutra dispersal distance (68 km -Jenkins 1980) and with otter movement capacity (Dallas et al. 2002) . Our scales seemed to be therefore adequate for the objectives of the study, both in terms of the space and time period (the latter corresponding to the life span of the species).
Laboratory procedures.-We performed DNA extraction and polymerase chain reaction (PCR) setup of hairs and spraints in a noninvasive pre-PCR laboratory in a separate building, to avoid contamination of these low-copy DNA samples. Genomic DNA was extracted from blood, hair, and muscle samples using a Qiagen DNeasy blood and tissue kit, and from spraints using a QIAmp DNA Stool Mini Kit (Qiagen, Hilden, Germany) with slight modifications from original manufacturer protocols (increasing the final elution times).
For microsatellite genotyping, we used 19 loci: Lut701, Lut715, Lut717, Lut733, Lut782, Lut818, Lut832, Lut833 (Dallas and Piertney 1998), Lut902 (Dallas et al. 1999 ), Lut914 (Dallas et al. 2000) , 04OT04, 04OT05, 04OT07, 04OT14, 04OT17, 04OT19, 04OT22 (Huang et al. 2005) , Elu2, and Elu10 (Kretschmer et al. 2009 ). For sex identification of noninvasively sampled individuals and nonsexed carcasses, we used marker Lut-Sry (Dallas et al. 2000) . All the abovementioned loci were aligned into 4 multiplex sets, each containing 4-6 loci. PCR was performed using the Qiagen Multiplex PCR kit (Qiagen, Hilden, Germany). Each reaction contained 5 ll of Multiplex PCR Master Mix, 1 ll of QSolution, primers (forward fluorescently labeled) at various concentrations, 1 or 2 ll of extracted DNA (1 ll in cases of blood or tissue, 2 ll in cases of hair or spraint), and distilled deionized H 2 O to a volume of 10 ll. Cycling conditions were the same for all sets: an initial activation step at 958C for 15 min, followed by 20 cycles of touch-down PCR at 948C for 30 s, 60-0.58C per cycle for 90 s, and 728C for 60 s, followed by 20 cycles at 948C for 30 s, 508C for 90 s, and 728C for 60 s, with a final extension at 608C for 30 min. PCR products were electrophoresed on an ABI 3130 Genetic Analyzer with GeneScan 500 LIZ size standard (Applied Biosystems, Foster City, California) and analyzed using software GENEMAPPER 3.7 (Applied Biosystems, Foster City, California). For blood, muscle, and hair samples, 3 PCR repetitions were performed, whereas for spraint samples, between 7 and 9. In a few cases (some spraints or hairs from traps), additional repetitions were completed to obtain reliable consensus genotypes. For further details concerning our analysis of noninvasive samples, see Hájková et al. (2009) .
Genetic diversity and relatedness.-We calculated probabilities of identity (PI, PIsib) and basic genetic diversity parameters (allelic frequencies, expected and observed heterozygosities, deviations from Hardy-Weinberg equilibrium per locus) using the software GenAlEx v.6.3 (Peakall and Smouse 2006) . Pairwise relatedness between all individuals was estimated using the coefficient of relatedness r (Queller and Goodnight 1989) , calculated with SPAGeDI v.1.3 (Hardy and Vekemans 2002) . To assess specific relationships among tracked animals suspected from field impressions, we used the specific Hypothesis test implemented in ML-Relate software (Kalinowski et al. 2006) .
Spatial analyses.-For samples originating from dead animals, trap escapes, and spraints, we determined the geographic coordinates with a portable global positioning system receiver (Garmin eTrex H, Garmin International Inc., Olathe, Kansas) at the field collection site, assuming that their positions were situated inside individuals' home ranges. We believe that such an assumption may be reasonable, given that all otters monitored within the framework of the already-cited project exhibited site fidelity to their annual home ranges and no transient animals were detected (Quaglietta 2011) . In cases of tracked animals, we considered the coordinates of their home range centroids. All locations were plotted in a geographic information system, through the software ArcGIS v.9.3 (Environmental Systems Research Institute, Redlands, California).
We computed pairwise geographical distances between individuals as Euclidean distances (ED), i.e., the shortest straight-line distances separating two animals, using the point distance function in ArcGIS. In addition, we calculated them with a least-cost-distance (LCD) modeling approach, which better incorporates habitat connectivity and heterogeneity (Coulon et al. 2004) , as otters do not move homogeneously through the landscape, but prefer riparian and water pathways (Melquist and Hornocker 1983) . To this aim, we constructed a 30-m-resolution friction map with hydrography and land-use layers, assigning lower values to more favorable pathways such as riparian habitats, reservoirs, and forests, and higher values to unfavorable pathways such as agricultural land and human settlements, since these habitats have been shown to be negatively associated with otter occurrence (Barbosa et al. 2003 ). This computation is expected to generate results very similar to those obtained if the distances had been computed along the water network (an approach adopted by Dallas et al. 2002) , but probably more complete (as LCD allows the filling of gaps in the few places where rivers/tributaries are not joined). Pair-wise computations of distances between individuals were performed with the landscape genetics ArcToolbox for ArcGisGIS (Etherington 2011) .
To assess fine-scale population structure, we performed linear regression between the 2 types of distance (ED and LCD) and relatedness coefficients (r). The significance of such relationships was assessed through 2000 permutations among individuals' locations, as implemented in SPAGeDi v.1.3 (Hardy and Vekemans 2002) , which is a test equivalent to Mantel's test of matrix correspondence. We checked for any difference in the results between tests performed on the whole sample of individuals, and after removing cubs and subadults, as the inclusion of these latter groups may lead to an overestimation of the correlation between relatedness and geographical distance (Frantz et al. 2008 ). In addition, we compared average pair-wise geographic distances among highly (r . 0.5-Queller and Goodnight 1989) and less highly (r , 0.5) related individuals, via a one-sided independent-samples t-test.
To examine the approximate extent at which relatedness no longer differs significantly from zero, we performed a spatial autocorrelation analysis in software GenAlEx v.6.3 (Peakall and Smouse 2006) . Distance-size classes were based on the examination of the distribution of pair-wise geographic distances among samples. We used 10,000 permutations and 1,000 bootstrap iterations for estimating the 95% confidence intervals for each class.
Dispersal.-To verify potential sex bias in dispersal, we reapplied the linear regression models between geographical proximity and relatedness considering male-male and femalefemale dyads separately. Both for genetic structuring and sexbiased dispersal tests, genetic analyses were performed at the individual-level, considered preferable for detecting differences in dispersal patterns between the sexes (Banks and Peakall 2012) and within-population processes (Broquet et al. 2006a ). In addition, we also wanted to collect data on dispersal behavior by radiotracking techniques. We therefore tagged 7 subadult otters during their predispersal phase, and radiotracked them for an average of 134 6 44 monitoring days. We considered dispersal a displacement from the HR of origin into a new HR not overlapping with the former (Griffin et al. 2009; Kojola et al. 2009 ), without any return to it over a period of at least 1 week (Griffin et al. 2009 ).
To allow comparability with the literature, dispersal distances were measured via 3 different methods: the distance between the 2 most extreme points within the HR of origin and the new HR (Jenkins 1980) , called the boundary distance (BD); the distance from the centroid of the HR of origin to that of the new HR (Kojola et al. 2009 ), known as the centroid distance; and the dispersal route (Melquist and Hornocker 1983) , i.e., the distance between the 2 closest points within the natal and new HRs. In all cases, distances were calculated both as a ED (adding the suffix ''_E'') and along the water network (adding the suffix ''_N''). In one case, we identified by relatedness estimates a mother/offspring relationship (see ''Results''). In this case, dispersal distance was defined as the distance between the mother's and the descending subadult's HR centroids (Zeyl et al. 2009 ).
RESULTS
Genetic diversity.-Among the 65 samples collected, we successfully extracted the DNA and amplified the loci of 55 (»84% ; Table 1 ), leading to 51 identified genotypes. The 4 remaining genotypes are due to repetition: samples belonged to animals already captured or radiotracked and later genotyped, or 2 spraints belonged to the same individual. According to the tests on direct relationships obtained with the software MLRelate, M1 appeared to be a direct descendant of F1 (P , 0.01), M5 and M8 full siblings (P , 0.001), and F8 a direct descendant of M3 (P , 0.01).
The probability of identity values (19 loci) were 9.2 3 10
À14
(PI) and 1.9 3 10 À6 (PIsib), which enabled us to obtain a reliable estimate of kinship. All loci were polymorphic, with the number of alleles varying from 2 to 7 (X ¼ 4.63). The average observed heterozygosity was 0.56 (60.15) and the expected 0.60 (60.11). None of the tested loci demonstrated significant deviation from Hardy-Weinberg equilibrium, except locus 04OT19 (P , 0.0001, with Bonferroni correction).
Relationship between relatedness and geographic distance.-Considering all pair-wise combinations of individuals (n ¼ 1,275), we observed decreased relatedness with increased geographical distance (P , 0.050). As no differences were detected between results provided by ED and LCD distances, or between those obtained over the entire pool of individuals and without subadults or cubs, we will present/discuss only those results obtained with the LCD and the total sample of individuals. Highly related (r . 0.5) individuals were, on average, 18.1 km closer to each other (X ¼ 6.6 km, SD ¼ 6.8) than the rest (X ¼ 24.7 km, SD ¼ 21.6; t[1,273] ¼ 3.45, P ¼ 0.009).
The spatial autocorrelation coefficient r was significantly higher than expected by chance for the distance class of 10 km (P ¼ 0.009). It decreased progressively up to a distance of 21.4 km (intercept ¼ the point at which individuals are, on average, as similar as 2 random individuals from the sample-from Vekemans and Hardy 2004), beyond which followed relative stabilization (Fig. 2) . This distance can be understood as the extent to which gene flow between individuals determines the genetic structure of the population (cf. Broquet et al. 2006b; Coulon et al. 2004) . Taking this into account, the subsequent analyses reported in the next paragraph were restricted to the pairs of individuals up to 22 km distant from each other.
Dispersal.-Among female dyads (n ¼ 378), the trend between the reducing coefficient of relatedness and the increasing geographical distance already identified at the population level was confirmed (P ¼ 0.027; Fig. 3A) ; meanwhile, in male dyads (n ¼ 253) no significant relationship was detected (P ¼ 0.701; Fig. 3B ).
Among the 7 subadult radiotracked otters (5 males and 2 females), dispersal was detected in 4 males (Table 2; Fig. 4 ): in M3, M5, and M8 by radiotracking, and in M1 through kinship analysis (Table 2 ). This last individual was indeed a direct descendant of F1 and its HR was in a location apart from this female, although it was infrequently localized in her HR during occasional sallies.
We did not note dispersal events for any of the 2 subadult monitored females (F6 and F8), whereas a potentially forced dispersal (possibly caused by stress from capture) was exhibited by an adult female, F5, that never returned to the capture site, located roughly 5 km away from the area successively occupied and permanently used during its monitoring (lasting 1 year). Dispersal also was not detected in subadult male M4. However, we monitored this male only for 6 months, due to its transmitter's battery failure, and about 14 months later we discovered it roadkilled approximately 4 km away from what was known as its stable HR. The dispersal of this individual could have, therefore, gone undetected.
The average dispersal distance (expressed as BD) was 20.8 km (66.4; Table 2 ). All 4 dispersing individuals demonstrated similar behavior. They progressively expanded their natal area with continuous movements and explorations, settled in new areas for several days or weeks, and alternated returns to the natal HR with further exploration into new territories. Among these dispersal events, at least 1 case can be considered effective (cf. Greenwood 1980) . On the basis of genetic evidence, we discovered that individual M3 reproduced after dispersal, between approximately 20 and 24 months of age. The female F8, captured in the area where M3 settled subsequent to its dispersal, in fact, was its offspring. After mating, M3 was run over on a national road (N114), the same road on which another dispersing male (M8) was subsequently killed (at approximately the same location; Fig. 4) . We found the 2 carcasses near a small stream that were being used for the 1st time by both animals shortly before their deaths. We observed a possible case of ''breeding dispersal"-i.e., periodic movements between areas occupied by potential reproductive partners (Clobert et al. 2008 )-since 1 monitored adult male, M9, exhibited heavy usage (indicated by the presence of core areas, as reported in Quaglietta 2011) of 2 distinct areas of its HR where there was the known presence of an adult female.
Of the 4 dispersing males, 3 left from roughly the same natal area and ended up occupying almost the same zone (at different times), as shown by the high percentage of overlap between the new areas in which they were established (X ¼ 43%, SD ¼ 21.2, range ¼ 12.4-66.8 km), even if different directions and portions of the water network were available (Fig. 4) . A change in dispersal direction was demonstrated by otter M3 during its 4 dispersal steps (W, S, NE, W/SW; Fig. 4 ).
DISCUSSION
Fine-scale population genetic structure.-A significant relationship between relatedness and geographical distance was reported, occurring mainly within a radius of 21 km. Such spatial structuring may be interpreted under the concept of IBD (Wright 1943; cf. Coulon et al. 2004; Støen et al. 2005) . Twenty-one kilometers would be the distance threshold at which gene flow decreases, and normally shows the spatial scale over which dispersal effectively occurs (Hutchison and Templeton 1999; Neville et al. 2006) . Previously, IBD in L. lutra only was documented and (mostly) addressed at larger scales (being noticed at extents ranging from 100 km to 2,000 km- Cassens et al. 2000; Dallas et al. 2002; Mucci et al. 2010 -including in Portugal, where it was noted at an extent of 410 km- Mucci et al. 2010 ). In the only existing research conducted on a fine scale (river-basin level), no pattern indicative of IBD was detected (Janssens et al. 2008) . The explanation, according to the authors, resided in the small study area and in the fact that the study concerned a population that only recently had recolonized a given geographical area. Although our findings question the 1st argument, we agree with the 2nd one, and argue that our research, regarding instead a stable, resident population, was more likely to identify effects of genetic structuring. Nevertheless, their study had a coarser temporal scale than ours (a period of many otter generations).
The restricted gene flow noticed at an extent of 100-150 km in the Scottish otter population by Dallas et al. (2002) was considered unexpected by the same authors and by Kruuk (2006: 180) on the basis of the species' high mobility, normally thought to facilitate gene flow and reduce genetic substructure (Peakall et al. 2003) , generating conservation concern (Dallas et al. 2002) . For the same reasons and having been obtained at an individual level and finer spatiotemporal scale, our findings appear even more unexpected. This highlights how genetic structuring within continuous animal populations might be driven by mechanisms other than movement/dispersal capabilities, as noted in species even more mobile than otters, such as wolves (Aspi et al. 2006; Stronen et al. 2011) . Supportive evidence comes from a L. lutra restocking program performed in Sweden, which revealed that the genetic contribution to previously existent otter populations from released individuals was restricted to the immediate neighborhood of release sites (Arrendal et al. 2004) .
Natural landscape barriers that could influence or limit gene flow were unlikely to be a determinant in our study area. In fact, from an otter's point of view, the study area is well connected, the water network being quite dense, as further supported by the fact that we did not notice any difference in the results of the correlation between genetic structure and TABLE 2.-Maximum dispersal distance (computed along the water network, and, in brackets, as Euclidean distance) and monitoring period of the 7 radiotracked subadult individuals. BD ¼ distance between the 2 farthest points within the natal and new home ranges (HRs); CD ¼ distance between the 2 centroids within the natal and new home ranges; DR ¼ distance between the 2 closest points within the natal and new home ranges. Asterisks (*) indicate an event detected by genetic techniques; in this case, for the computation of CD and BD we used as natal HR centroid and boundary those of the descendant's mother (F1). -20.8 6 6.4 (12 6 3.9) 14.5 6 6.7 (8.3 6 4.1) 7.1 6 6.6 (6.1 6 4.5)
FIG. 4.-Radiolocations of 3 dispersing subadult individuals: M3 (gray hollow dots), M8 (black hexagons), and M5 (yellow triangles). They dispersed from roughly the same natal area (the same for the siblings M5 and M8) to roughly the same new area, at 3 different times. Green symbols with black dots inside indicate their capture sites, a red dot and a red cross the point at which M3 and M8 were respectively killed, and the orange star the recapture of M3, which occurred after the animal had been lost. Roads are represented by red lines, highway A6 by the thick red line, urban areas by gray shading, streams and dams respectively by blue lines and blue shading (A color version of this figure is available online.). geographical distance obtained with ED versus LCD (other studies have inferred an effect of landscape connectivity from such a difference- Broquet et al. 2006b; Coulon et al. 2004 ). There is also no significant topographic slope, which had been hypothesized as one possible factor inhibiting otter dispersal (Janssens et al. 2008) .
High road mortality also may play a role in IBD (Johnson et al. 2009 ). Despite the high number of road casualties documented within the project (Quaglietta 2011) , the effect of the 2 main roads that were present in the area (a highway-A6-and a national road-N114, see Figs. 1 and 4) could be moderate, as we detected related individuals on both sides of roads, and the latter were regularly crossed by monitored otters under bridges. However, although roads do not constitute an insurmountable barrier to otter movements, they might have had an indirect influence on genetic structuring. Three of 4 dispersing males, in fact, died while they still were exploring new territories (2 were victims of road fatality and 1 died of apparent natural causes), suggesting that mortality (especially road related) may have led to a decrease in the detected dispersal distances, as noticed in other species (Kokko and López-Sepulcre 2006; Johnson et al. 2009 ). Additional support comes from studies on carcasses performed in Germany, where subadults were the most frequently observed age class affected by traffic accidents (Hauer et al. 2002) , as well as from findings on reintroduced otters, where most observed deaths involved road-killed subadult males (Koelewijn et al. 2010) . Further studies would be beneficial to assess if road mortality represents a serious issue for the otter population in the study area.
Genetic structuring also can occur in the absence of fragmentation (Aspi et al. 2006) or dispersal barriers. We think that the number and, above all, the location of dams in the landscape could have influenced the spatial distribution of individuals and, thereby, gene flow. Dams, securing water and food availability during droughts, are in fact an important element for otters in Mediterranean environments (e.g., Basto et al. 2011) , including the study area (Quaglietta 2011) . Indirect support could be seen in the apparent negative influence of drylands on otter dispersal reported by Janssens et al. (2008) . Moreover, dam distribution could also play a role in otter dispersal behavior, shaping, in turn, the gene flow patterns. Dispersal behavior is indeed known to evolve also in relation to landscape features, such as the position and quality of habitat patches of dispersers' ancestors (Hawkes 2009 ), being therefore mediated by the habitat selection process (Waser 1985) . It would be interesting to undertake future studies to address the specific role of dams on otter movements/dispersal to confirm such a hypothesis.
According to Cushman and Lewis (2010) , gene flow primarily operates through mating system and dispersal movement behavior; and, in terms of the former, male polygyny is known to favor strong genetic correlations within a population (Chesser 1991) . Eurasian otter males are believed to be polygynous (Kruuk 2006 ) and the same pattern seems to occur in the study area (Quaglietta 2011) , suggesting that the documented genetic structuring also may have been caused by the mating system. Thus, we think that the main determinants of the IBD pattern observed in the present study reside in intrinsic biological mechanisms acting as behavioral barriers (mainly related to dispersal behavior and mating system) and in short dispersal distances.
Dispersal.-A negative correlation between relatedness and geographical distance was observed in females and not in males, suggesting a sex bias in dispersal (Støen et al. 2005) , and specifically that males are the sex more associated with this behavior, whereas females seem to be more philopatric. Radiotracking provided further supportive evidence in this sense, and also allowed us to follow the paths actually traveled by marked individuals, compute dispersal distances, confirm that dispersing animals stabilized in new territories (thereby excluding occasional sallies), and detect a case of effective dispersal, confirming the utility of the combined use of field and genetic data (Crandall et al. 2000) . Male-biased dispersal and female philopatry fall into what is known for most mammals, and are possibly dictated by the species' polygynous mating system (Greenwood 1980) . The male bias in dispersal also may be a consequence of intrasexual competition (Moore and Ali 1984) , since observational data on intrasexual aggression have been reported in the literature (Kruuk 2006) , and supportive evidence comes from reintroduced otters (Koelewijn et al. 2010) . The scarcity of studies on otter dispersal, however, prevents deeper discussion of this topic.
Detected average dispersal distance (BD ¼ 20.8 km 6 6.4) was lower than the single aforementioned value of 68 km reported in the literature (Jenkins 1980) . Although our value could be an underestimate, since 3 of the 4 dispersing individuals died when they had not finshed exploring new territories, we think that it may be regarded as representative of the population, as it coincides with the extent of 21 km where gene flow appears to be stronger. Consequently, average dispersal distances seem to be rather short, despite otter movement capacity.
Little is known about the mechanisms regulating dispersal distances (Ronce 2007) . According to Fontanillas et al. (2004) , short-distance dispersal would mainly be determined by kin interactions, such as inbreeding avoidance, the latter being considered the proximate and ultimate cause of sex-biased dispersal (Pusey and Wolf 1996; Costello et al. 2008 and studies cited therein). All the potential breeding pairs we monitored were composed of unrelated adults, suggesting that the short dispersal distances exhibited by otters may be sufficient to avoid/limit inbreeding. Further support stems from the observation that mean male dispersal distances were just above the average size of the females' HRs (17 kmQuaglietta 2011).
Short dispersal distances in another solitary and territorial carnivore, the brown bear, have been thought to be due to high densities (Støen et al. 2006) . We suggest that this also may occur in otters. Average otter density in the study area (0.11-0.32 otters per km, similar to estimates obtained in other highdensity areas-see review by Kruuk 2006 and Sulkava et al. 2007 ) is indeed relatively high in relation to the small size of the present rivers (Quaglietta 2011) . Although local habitat and prey availability are relatively high and well distributed in the study area (Quaglietta 2011) , the pressure generated by high otter densities could be biologically superior to that experienced by other species, as the probability of encountering a conspecific is likely to be greater among animals (as otters) that move in a linear environment than in those that utilize all 3608 of space. Such pressure could increase the level of intraspecific competition, considered one of the principal causes of dispersal (Moore and Ali 1984; Waser 1985) and thought to exist in this species (Sulkava et al. 2007) . Faced with dense occupation of the landscape, young dispersing males would settle in the first unoccupied area that hosts a minimum of resources (trophic and mates) to support them (Hamilton and May 1977; Dobson and Jones 1985) , resulting in the short dispersal distances documented.
Our data on dispersal therefore suggest that, in otters as in other species, this behavior reflects an interplay between different factors (cf. Dobson and Jones 1985; Ronce 2007; Clobert et al. 2008) , including biologically intrinsic (such as inbreeding avoidance) and density-dependent mechanisms. The short distances that males dispersed per generation and the female philopatry, being partially influenced by the polygynous mating system, appear in their turn to be sufficient to generate a pattern of local spatial genetic structure (see also Peakall et al. 2003; Broquet et al. 2006b; Pope et al. 2006) . Moreover, limited data support the view that road mortality also may have accentuated the short detected dispersal distances and that dam location may also have an influence in the ontogeny of otter dispersal behavior.
In summary, a spatial structure in relatedness within a Eurasian otter population emerged at a fine spatiotemporal scale, rejecting the null hypothesis of random distribution of individuals in relation to their degree of kinship. In addition, we confirmed the hypothesis of male-biased dispersal in this species, and reported 4 cases of dispersal events (and distances). The data provided here are useful to predict otter dispersal and natural recolonization/population expansion under optimal conditions (barrier-free landscapes); establish the proper size and location (relating to existing nuclei) of otter conservation areas; and evaluate proper geographical distances from source populations to meet translocation/reintroduction needs (which, however, in light of the observed results, should be undertaken with caution, to preserve the genetic diversity of otter populations-see also Blundell et al. 2002) .
Our findings concur with the few other studies previously available, indicating how IBD within carnivore populations may occur at fine spatiotemporal scales and in the absence of landscape barriers, being driven by mechanisms (e.g., dispersal behavior and species' mating system) not necessarily related to the movement/dispersal capabilities of the species considered. In addition, the apparent negative impact of road casualties on dispersal distances should not be neglected. Short dispersal distances of males, female tendencies toward philopatry, and fine-scale genetic structuring therefore constitute cryptic causes of risk (being possibly overlooked in research performed at larger scales). Although one cannot exclude that otters voluntarily avoided dispersing (females) or covering larger distances (males), our results signal how local extirpation of otters could be rather severe and may lead to losses of genetic diversity. Moreover, otter movements between (sub)populations may be easily prevented if suitable habitat in the vicinity of the natal area or the currently occupied part of the range is/becomes unavailable (e.g., droughts caused by climate change). Such risks could even concern countries where the species is widespread (like Portugal), and may be still more likely in areas where otter populations/subpopulations are already partially or totally isolated. In Italy, for instance, otters have been confined to southern regions for decades, drawing special conservation attention (Panzacchi et al. 2010) , and, if also present in this country and on a large scale, restricted gene flow and shortrange dispersal could imply prolonged times necessary for the natural re-expansion of the species or its reunification with other European populations. Priority should therefore be given to conservation measures (e.g., habitat restoration and mitigation of human-related mortality) that seek to increase connectivity among existing otter nuclei and ensure their persistence in the long term. Such measures should be applied to both core areas of occupancy and zones critical for immigration, preventing the potential effects of environmental stochasticity on otter populations. Finally, this study highlights the importance of performing fine-scale studies as well as looking at fine spatiotemporal-scale processes, despite the fact that most current research and attention are focused on coarser scales.
